The hyoid bone position may change in class III patients following different surgical procedures, including mandibular setback, maxillary advancement, and bimaxillary advancement. Objectives: The aim of this study was to conduct a detailed cephalometric evaluation of changes in the hyoid bone position following treatment of class III skeletal deformities via different surgical procedures (ie, mandibular setback, maxillary advancement, and bimaxillary advancement). Methods: A total of 120 consecutive patients, who were diagnosed with skeletal class III deformities, were recruited in this study. All the patients were adults with complete growth and cephalograms taken at 1 month before operation (T1) and 1 to 9 months postoperation (T2) in the natural head position. The patients were divided into 3 groups according to the type of surgery: group 1, bimaxillary advancement; group 2, mandibular setback; and group 3, maxillary advancement. The hyoid bone position was evaluated at both T1 and T2 in each group. The results were compared using paired t test and one-way ANOVA. Results: The hyoid bone position showed no significant changes in groups 1 and 3 (P < 0.05), whereas a significant difference was found both horizontally and vertically in group 2 (P < 0.05).
Background
Combinations of maxillary hypoplasia (undergrowth) and mandibular hyperplasia (overgrowth) can cause class III skeletal problems. The majority of patients require orthognathic surgery for successful treatment. Both growth modification and dental camouflage are relatively challenging in orthodontic treatment. In fact, even modest deviations in class III problems are not acceptable, especially in women.
Patients with class III skeletal patterns, ie, those with reverse overjet of more than 2 mm, usually require surgery, besides orthodontic treatment. In a previous study, among patients undergoing surgery, 50% only had a history of maxillary advancement, while 50% had undergone mandibular setback. Overall, mandibular surgery is usually combined with maxillary surgery; therefore, in this study, bimaxillary surgery was applied in about 40% of the patients. On the other hand, less than 10% of the patients had only undergone mandibular surgery (1) .
The hyoid bone is a distinct bone in the head and neck region. It has no synovial articulation with circumjacent bones, while it is connected to the adjacent structures with ligaments and muscles. The movement of the hyoid bone mainly depends on the attached muscles, such as those attaching it to the tongue and mandible. This bone serves as an indicator of tongue size and position, as these structures are directly related to each other. Therefore, changes in the tongue position can be evaluated more accurately by measuring changes in the hyoid bone position. Mandibular setback osteotomy alone causes changes in the position of the hyoid bone and tongue. In addition, these changes seem to significantly affect the oropharyngeal airway space (2, 3) . In this regard, Hwang et al. (2010) showed significant differences in the horizontal position of the hyoid bone and tongue, as well as oropharyngeal size, following mandibular setback. The hyoid bone and tongue were repositioned anteriorly after surgery (P < 0.01), thereby increasing the dimensions of the oropharyngeal airspace (P < 0.01) (4) . the upward and forward movements of the hyoid bone due to the upward movements of the lower border of posterior airway space (PAS) in the sagittal split ramus osteotomy group after surgery. In contrast, the anterior border of PAS and hyoid bone showed considerable backward movements in the group undergoing intraoral vertical ramus osteotomy (5) .
Halise Aydemir et al. (2012) reported no significant differences in the position of the hyoid bone or craniocervical posture after surgical setback of the mandible (6) . On the other hand, De Arruda Cabral et al. (2013) showed significant differences in the oropharyngeal size and horizontal position of the hyoid bone and tongue. The hyoid bone and tongue were repositioned anteriorly after chin surgery (P < 0.01), thereby increasing the dimensions of the oropharyngeal airspace (P < 0.01) (7) . Efendiyeva et al. (2014) showed the significant superior movement of the hyoid bone after bimaxilary surgery (P < 0.05) (8) . Nevertheless, there is no consensus regarding the final position or direction of hyoid bone movements after different class III surgical procedures. Therefore, in this study, we aimed to elucidate the possible directions and extent of movements in the hyoid bone, and subsequently the tongue, after different viable surgical procedures in the patients.
Methods
This retrospective study was performed on 120 consecutive patients, who were diagnosed with class III skeletal deformities. All the included patients were adults with complete growth. The subjects included 41 male and 79 female patients with the average age of 23.4 years at the onset of treatment (range, 18 -31 years). All the patients had undergone fixed orthodontic treatment with edgewise appliances both before and after surgical procedures for the correction of jaw deformities. The subjects were selected based on the medical records available at the orthodontic departments of Shiraz University of Medical Sciences and Shahid Beheshti University of Medical Sciences, as well as a private clinic in Shiraz.
The records of 120 patients were selected retrospectively, based on the availability of lateral cephalograms taken at 1 month before operation (T1) and 1 to 9 months postoperation (T2) in the natural head position; all the cephalograms included the second and fourth cervical vertebrae. At least a 1-month interval was required between surgery and acquisition of postsurgical cephalograms to minimize the effects of postoperative swelling and edema, which may adversely affect the airway dimensions.
In order to correct class III deformities, the patients underwent maxillary, mandibular, or maxillomandibu-lar surgeries. All the patients with mandibular setback surgery had undergone bilateral sagittal split ramus osteotomy (BSSRO). The patients with maxillary advancement had received LeFort I advancement osteotomy without impaction. In addition, the patients with bimaxillary advancement had undergone combined LeFort I maxillary advancement osteotomy without impaction, as well as BSSRO for mandibular setback. Moreover, all the patients had rigid internal fixation with fixation screws and/or plates following either maxillary or mandibular osteotomy.
The exclusion criteria in this study were as follows: 1) history of trauma to the face and jaws; 2) completely normal dentition with no missing teeth, except those extracted for orthodontic purposes and third molars; 3) apparent facial asymmetry; 4) syndromes related to the orofacial region; 5) cleft lip and/or palate; 6) history of orthognathic or facial cosmetic procedures, such as mandibular inferior border osteotomy (genioplasty); and 7) history of adenoidectomy or tonsillectomy.
The data regarding the exclusion criteria were gathered from the patients' medical and dental histories, cephalograms (ie, lateral and posteroanterior views), and facial and intraoral images available in the files. The patients were divided into 3 groups according to the type of surgery: group 1, patients with combined maxillary advancement and mandibular setback; group 2, patients with mandibular setback osteotomy; and group 3, patients with maxillary advancement.
Lateral Cephalograms
The Proline 2002 CC/XC X-ray source (Planmeca OY, 00880 Helsinki, Finland) was used to acquire the cephalograms. The cephalograms were hand-traced on a matte acetate tracing paper (0.003-inch thick, 8 × 10 inches; Truvision, Ortho Technology Inc., Florida, USA; distributed by Emergo Europe, Molenstraat, Netherlands) with a 3H drawing pencil.
Skeletal Landmarks
Sella (S): The geometric center of the pituitary fossa (9) Nasion (N): The most anterior point on the frontonasal suture in the midsagittal plane (9) Point A: The most inferior point on the alveolar bone overlying the maxillary incisors (9) Point B: The most posterior point in the concavity between the chin and mandibular alveolar bone (9) Anterior nasal spine (ANS): The anterior tip of the sharp bony process of maxilla at the lower margin of the anterior nasal opening (9) Posterior nasal spine (PNS): The posterior spine of the palatine bone, constituting the hard palate (9) Menton (Me): The lowest point on the symphyseal shadow of the mandible on a lateral cephalogram (9) Gonion (Go): A point on the curvature of mandible angle, located by bisecting the angle formed by lines tangent to the posterior ramus and the inferior border of the mandible (9) Hyoidale (Hy): The most superior point on the anterior surface of the outline of the hyoid bone, assumed to lie in the median sagittal plane of the hyoid bone (10) CV2 ip: The most posterior point on the inferior margin of the outline of the second cervical vertebra (10) CV4 ip: The most posterior point on the inferior margin of the outline of the fourth cervical vertebra (10).
Soft Tissue Landmarks
V: The deepest point of vallecula on the anterior pharyngeal wall (11).
Reference Lines
Mandibular line (ML): The line passing through the points, gonion and menton (9) Maxillary line (NL): The line passing through the points, ANS and PNS (also known as the palatal plane) (9) Presellar anterior cranial base (NSL): The line passing through the points, sella and nasion (9) VRL: The line drawn through the most anterior point of the second cervical vertebra (axis or C2) parallel to the edge of the cephalometric film (9) HRL: The line drawn through the point sella at the right angle to the edge of the cephalometric film (9).
Dentoskeletal Measurements
To assess the hard tissue relationships and to compare pre-and posttreatment data, the following linear and angular measurements were taken:
SNA 
Method Error
Each cephalogram was traced and measured manually by a single operator. Half of the cephalograms were randomly selected from each group after 2 weeks. All the measurements were repeated for each case. The differences between the original and retraced cephalograms were analyzed in the revised manuscript, using intraclass correlation coefficient (ICC). The ICC value (rICC, 0.899; P < 0.001) showed high reliability between the measurements. Therefore, the original measurements, used for the analysis of the hyoid bone, were reliable.
Statistical Analysis
Data were gathered and analyzed using different statistical tests. The group characteristics were compared according to the type of surgery, using one-way ANOVA test (for the variable of age) and Chi square test (for the variable of sex). For the comparison of dependent variables (eg, CVT and SN; VRL and EP) before and after surgery, paired t test was performed. In addition, for comparing the mean differences of dependent variables between the groups, ANOVA test was applied.
The effects of groups on the mean differences of dependent variables were determined after adjustments for other independent variables (eg, age, sex, advancement, setback, and face height), using ANCOVA models. The independent variables, ie, advancement and setback, were not defined for all the groups (advancement, groups 1 and 3; setback, groups 1 and 2). Therefore, to evaluate the group effects on the mean differences of dependent variables, subjects from groups 1 and 3 were selected after adjustments for advancement and entered the multiple linear model. Moreover, subjects were selected from groups 1 and 2 after controlling for setback and entered the model.
In the multiple linear models, the variable of "group" was incorporated in the models with the "enter" method. Normal distribution of the data was assessed with Kolmogorov-Smirnov test, and the results showed that the data were normally distributed (P > 0.05). Moreover, box plots were used to visualize the results. The statistical tests were conducted with SPSS version 16 at a two-sided P value of < 0.05.
Results
The demographic information of class III patients in groups I, II, and III are presented in Table 1 . The changes in the hyoid bone position in class III patients after surgical intervention are shown in Table 2 . As it can be seen, there were no positional changes in the hyoid bone in group I (P > 0.05). Both horizontal and vertical relationships of the hyoid bone to different planes and landmarks remained unchanged in cephalometrics, based on the comparison of pre-and postsurgical measurements. In addition, in each subgroup, the hyoid position measurements showed no significant differences in either female or male patients (P > 0.05; Tables 3 and 4 ).
In group II, there were significant differences in the hyoid bone position both horizontally and vertically (P < 0.05). The Hy-NSL, Hy-NSL, Hy-NL, and Hy-ML changes showed downward movement of the hyoid bone after mandibular setback, while Hy-CV4ip and VRL-Hy changes revealed the backward movement of the hyoid bone after surgery. In each subgroup, the changes were completely similar to the overall changes in the mandibular setback group (P < 0.05). In neither the vertical nor the horizontal dimension in group III, the hyoid bone position showed significant changes after maxillary advancement (P > 0.05). Moreover, considering gender differences, there were no significant differences between male and female subjects (P > 0.05).
Discussion
According to the literature, changes in tongue position can be analyzed more precisely by measuring the changes in the hyoid bone position (12) . The hyoid bone serves as an indicator of the size and position related to surgical jaw movements. The hyoid bone may be considered the skeleton of the tongue, as these structures are directly related to each other. Mandibular setback osteotomy causes changes in the positions of the hyoid bone and tongue, and as a result, affects PAS (2, 3).
The present findings suggest that the hyoid bone moves downward and backward, following mandibular setback. While the backward movement of the hyoid bone in the mandibular setback group was due to the backward displacement of the mandible and tongue attached to the hyoid bone, the downward displacement seems to be a compensatory mechanism to maintain airway patency in the treated subjects. These findings are consistent with many previous studies, reporting that surgical correction of mandibular prognathism alters the position of the hyoid bone through downward repositioning, which carries the root of the tongue downward immediately after surgery (12) (13) (14) (15) (16) (17) (18) .
On the other hand, there are conflicting views on the degree and duration of postoperative changes in the hyoid bone position. It has been suggested that downward or forward positioning of the base of the tongue is the compensatory mechanism allowing airway maintenance. After surgical setback of the mandible, some studies reported that the hyoid bone returned to its original position (12, 13, 15) , while others stated that the bone never regained its original position (3, (15) (16) (17) (18) .
On the other hand, Tselnik and Pogrel (2000) observed early inferior and anterior movements of the hyoid bone immediately after mandibular setback (3) . According to the present findings and others studies, the hyoid bone, which defines the ultimate position of the tongue, is more likely to never return to its original, presurgical position, as it may lead to insufficient posterior airway space and possible postoperative episodes of obstructive sleep apnea in patients following mandibular setback. In the present study, we found that changes in the position of the hyoid bone were negligible in the bimaxillary advancement group. The findings in this group were in agreement with those reported by Liukkonen et al. (2002) and Aydemir et al. (2012) , showing that the hyoid bone position remained unchanged following bimaxillary advancement (6, 19) . However, our findings are in contrast to studies by Marsan et al. (20) and Foltan et al. (21) , which showed the downward and backward movements of the hyoid bone following 2-jaw surgery.
In contrast to the present study, Efendiyeva et al. (2014) observed an early superior movement of the hyoid bone following bimaxillary orthognathic surgery (8) . They suggested that this anterior movement was a physiological adaptation to preserve the airway patency. The possible cause of discrepancy between the results of previous studies may be the differences in the sample size and extent of maxillary advancement versus mandibular setback in these studies.
In the present study, we found no gender differences in the positional changes of the hyoid bone following bimaxillary advancement, which shows similar physiological adaptations in males and females following bimaxillary advancement. However, our findings are in contrast to a study by Samman et al. (11) , which showed that the hyoid bone displaced backward only in women, while men did not show any significant differences in the hyoid bone position.
The stability of the hyoid bone position, both in vertical and horizontal dimensions following bimaxillary advancement, may be related to 2 factors. One factor is the extent of the mandibular posterior movement, which is more restricted in 2-jaw surgeries than single-jaw surgeries. This difference can directly affect the hyoid bone positional changes after surgery. The second factor may be the stability of airway dimensions, especially in the upper and lower pharyngeal regions, which is observed after 2jaw surgery. This could reduce or even eliminate the need 6 Avicenna J Dent Res. 2017; 9(2):e60701. for the compensatory downward movement of the hyoid bone following surgery. Maxillary advancement alone also showed no changes in the hyoid bone position, similar to bimaxillary advancement. However, no studies have yet reported the positional changes of the hyoid bone following maxillary advancement osteotomy.
Conclusions
Based on the findings, the hyoid bone position changes differently in various surgical operations. It was displaced downward and backward after mandibular retraction, whereas neither bimaxillary nor maxillary advancement could significantly change the hyoid position. Therefore, this finding could be helpful in the treatment of class III patients. If the patient has a history of snoring, breathing problems, or decreased airway size and requires mandibular setback, bimaxillary advancement is definitely preferred; this may in fact prevent future problems in the airway patency. Furthermore, there are no con-cerns in either maxillary or bimaxillary advancement for class III patients.
